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Supplementary Figure S2. Additional Data for Cdt1-dependent Binding of GRWD1 to Replication Origins
(A) Pre-RC and GRWD1 proteins do not bind to a genomic region 10 kb apart from the lamin B2 origin. Referring to our own ChIP-Seq data (see below), we designed qPCR primers (5'-GACAGTGGGGAGACTCTTGC -3' and 5'-GACGAAGAAACCAGGGCTCA-3') to detect genomic DNA sequence (white box) that is ~10 kb apart from lamin B2 origin (black box) and is expected to be negative for pre-RC and GRWD1 bindings. hrs after serum addition, coincident with the loading of MCM7 onto chromatin. For GRWD1, the total levels were not changed during the cell cycle; however, GRWD1 was detached from chromatin in G0 cells and rebounded when cells re-entered the cell cycle, suggesting its involvement in control of cell growth. Depletion of GRWD1 modestly but significantly reduced the recruitment of MCM7 onto chromatin, whereas CDC6 and Cdt1 loading were not affected.
GRWD1 depletion did not affect the expression levels of ORC1, CDC6, Cdt1, MCM7, or cyclin E proteins under these experimental conditions. (C) Identification of the firing pre-RC sites (CDC_w0.5_MCM7_w0.5_SNS). With a stringent overlap criterion of 0.5 kb to consider co-localization, ~32,000 peaks were identified as strong candidates for the firing pre-RC sites.
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(D) Identification of GRWD1 binding peaks by ChIP-Seq. Genome-wide GRWD1 localization in asynchronous HeLa cells was examined by combining the analysis for endogenous GRWD1 using anti-GRWD1 antibody (see also Supplementary Figure S6 ) with that for exogenous HA-GRWD1 using anti-HA antibody. MACS2 broad peak caller identified ~320,000 GRWD1 peaks (p<0.001, q<0.05) and ~739,000 HA-GRWD1 peaks (p<0.001, q<0.05). We then analyzed the association of GRWD1 peaks with HA-GRWD1 peaks. Even when a stringent overlap criterion of 0.5 kb was used to consider co-localization, approximately ~65% (~208,000 peaks) of total GRWD1 peaks were identified as those closely associated with HA-GRWD1
peaks (left panel), the value being ~1.9-fold higher than that obtained with the shuffled data sets (right panel). *, p<0.001 by Chi-Square test. Hereafter, we used the selected GRWD1
(sGRWD1) peaks (namely, GRWD1_w0.5_HA-GRWD1) for further analyses. 
SUPPLEMENTARY MATERIALS AND METHODS
Cell Culture and Synchronization
HEK293T, T98G, HeLa, and HFF2/T (normal human fibroblasts immortalized by telomerase) cells (4) were grown in Dulbecco's modified Eagle's medium with 8% fetal calf serum.
Synchronization of T98G cells in the G0, G1/S, and late S/G2/M phases was achieved as described previously (15). To monitor S-phase progression, HeLa cells were synchronized in S phase by treatment with 2.5 mM hydroxyurea (HU) for 18hrs, released, and harvested at the indicated time points. Flow cytometry analysis was performed as described previously (15).
Double staining with anti-BrdU antibody and propidium iodide was carried out using BrdU
Labeling and detection Kit I (Roche) and Cycletest Plus DNA reagent Kit (BO Biosciences).
Immunoprecipitation, Chromatin Binding Assay, and Immunoblotting
Immunoprecipitation from nuclear extracts and chromatin-binding assay were performed as described previously (15). Immunoblotting and quantification of the band signals were also performed as described previously (15).
For immunoprecipitation-re-immunoprecipitation experiments in Figure 2C , the first immunoprecipitates prepared with anti-Flag antibody (M2, Sigma) were eluted with NET gel buffer containing 3xFlag peptide at 150 µg/ml and then were re-immunoprecipitated with anti-T7 antibody (Novagen).
GST Pull-Down Assay
GST-Cdt1 or GST-CDC6 fusion proteins were bacterially produced and purified as described previously (28, 50). Recombinant GRWD1 was expressed in E. coli as a GST-fusion protein and purified on glutathione beads. If necessary, untagged GRWD1 was prepared with
PreScission protease (Amersham BioScience), in accordance with the manufacturer's instructions.
GST pull-down assay was performed as described previously (15).
Histone Binding and Histone Chaperone Assay
To obtain highly purified recombinant GST-GRWD1-His, the protein was expressed in E. coli and purified sequentially on glutathione beads and Ni 2+ -chelating affinity beads. Core histones were purified from HeLa cells as described previously (51) . Preparation of recombinant histone proteins (H2A/H2B and H3-H4 complexes) and a 195 bp DNA fragment containing the Lytechinus variegatus 5S ribosomal RNA gene was carried out as described previously (32, 33).
GST pull-down assay to test histone binding was performed essentially as described previously (51), except that bound proteins were eluted directly into SDS sample buffer.
Topological assay and nucleosome assembly assay were performed as described previously (32, 33), except that pGEX plasmid was used in the topological assay instead of circular "X174
dsDNA.
ChIP-qPCR Assay
ChIP-qPCR assays were carried out as described previously (15).
Transfection and Retrovirus Infection
Expression plasmids (total ~12 µg) were transiently transfected into 3!10 6 HEK293T cells in 100 mm culture dishes using TransIT-293 (Mirus, Madison, WI), in accordance with the manufacturer's instructions, or using polyethylenimine 'MAX' (PEI, Polyscience, Inc. Cat.
24765, Linear) as described previously (52) . At 48 (Trans-IT) or 42 (PEI) hrs after transfection, cells were harvested and subjected to immunoprecipitation or immunoblotting analysis.
HeLa cells overexpressing HA-GRWD1 were established by retroviral vectors with pCLMSCVhyg-HA-GRWD1 as described previously (4).
Plasmids
Mammalian expression vectors, pCLMSCVhyg-T7-Cdt1, pCLMSCVhyg-HA-GRWD1, and pcDNA3.1-3HA-Cdt1, and bacterial expression vectors pGEX-6P-1-Cdt1, pGEX-6P-2-GRWD1, and pGEX-6P-1-CDC6 were produced as described previously (6, 28). pEGFP-C1 was purchased from Clontech. pGEX6P-2-GRWD1 !C was created by introducing a stop codon at Phe207 using oligonucleotide-directed mutagenesis (QuikChange Site-directed Mutagenesis Kit; Stratagene). Sequences of the oligonucleotides will be provided upon request. Detailed procedures for construction of pGEX6P-2-GRWD1 !acid and pGEX6P-2-GRWD1-His will be also provided upon request.
Antibodies
Preparation of polyclonal rabbit antibodies against human GRWD1, Cdt1, ORC1, CDC6, and MCM7 was described previously (6, 30, 50, 53, 54, 55) . Specificity of the antibodies has been carefully validated, which is presented in our previous and present papers. Some examples are listed below. For anti-MCM7 antibody, we show specific immunoprecipitation of MCM7 (53, 54) . For anti-CDC6 antibody, we confirm the specificity and further show that the signal detected by the antibody is diminished when CDC6 is silenced using siRNAs (28, 55). 
